Objective: To validate the Tanita BC-418MA Segmental Body Composition Analyser and four-site skinfold measurements for the prediction of total body water (TBW), percentage fat-free mass (%FFM) and percentage body fat (%BF) in a population of rural Gambian children. Subjects/Methods: One hundred and thirty-three healthy Gambian children (65 males and 68 females). FFM estimated by the inbuilt equations supplied with the Tanita system was assessed by comparison with deuterium oxide dilution and novel prediction equations were produced. Deuterium oxide dilution was also used to develop equations for %BF based on four-site skinfolds (biceps, triceps, subscapular and suprailiac). Results: The inbuilt equations underestimated FFM compared to deuterium oxide dilution in all the sex and age categories (Po0.003), with greater accuracy in younger children and in males. The best prediction of %FFM was obtained from the variables height, weight, sex, impedance, age and four skinfold thickness measurements (adjusted R 2 ¼ 0.84, root mean square error (MSE) ¼ 2.07%). Conclusions: These data suggest that the Tanita instrument may be a reliable field assessment technique in African children, when using population and gender-specific equations to convert impedance measurements into estimates of FFM.
Introduction
In children, body composition is a sensitive indicator of current health (Hill, 1992) and nutritional status (Shephard, 1994 ). An increased proportion of fat mass and a decreased proportion of fat-free mass (FFM) during childhood have both been associated with increased risk of developing chronic disease in later life (Barker, 2005) . In developing countries undergoing a nutrition transition, the prevalence of obesity, and its associated metabolic disorders, is increasing dramatically (Deleuze Ntandou Bouzitou et al., 2005; Siervo et al., 2006) . Therefore, research focused on the origin of fat accumulation, based on reliable and practical measures of body composition, is essential (Troiano and Flegal, 1998) .
A variety of methods and techniques for estimating body composition have been developed and widely reviewed over the years (Jebb and Elia, 1993; Parker et al., 2003) . In vivo methods are necessarily indirect and rely on a variety of assumptions. While the majority of laboratory-based techniques, such as air-displacement plethysmography (ADP), underwater weighing and dual X-ray absorpiometry (DXA) provide accurate data, they can require a high level of technical expertise, be time-consuming, expensive and unportable. These sophisticated techniques are therefore not practically suited for most field settings.
Field techniques for assessing body composition often rely on predicting body fat (BF) or FFM from proxy measures.
Total body water (TBW) (and hence FFM) can be assessed from the impedance of an alternating electric current sent through the body. Known as bioelectrical impedance analysis (BIA), a sub-threshold current sent through the body is picked up by electrodes, and prediction models are used to estimate TBW and hence FFM (Guo et al., 1989 (Guo et al., , 1996 Chumlea and Guo, 1994; Nunez et al., 1997) . The Tanita BC-418MA Segmental Body Composition Analyser (Tanita Corporation, Tokyo, Japan) involves eight electrodes (two on each hand and foot) and is advantageous because it provides segmental information, is uncomplicated, relatively inexpensive and portable. Validation of this analyser has been performed against DXA (Pietrobelli et al., 2004) , and although the sample size was small (n ¼ 40) and the age band was broad (6-64 years), there were no significant differences in lean soft tissue estimated by either technique. More recently, Pietrobelli et al. (2005) observed similar results when validating the analyser against both DXA and ADP (BodPod) in 79 children. However, the prediction equations used by the Tanita BC-418MA have been developed predominantly in Caucasian populations, questioning their validity when extrapolated to other ethnic groups.
Another inexpensive, easy to use and widely adopted technique involves the application of skinfold callipers to estimate subcutaneous fat at various anatomic sites. The disadvantages of this technique include a high degree of both intra-and inter-observer error as well as the acceptability of the estimates within certain populations and the decreasing precision in people with a higher proportion of BF (Jebb and Elia, 1993) . Skinfold thickness measurements are a good indicator of relative fatness, but difficulties occur when the data are converted into information on BF, which requires prediction equations that are population and age-specific (Wells and Fewtrell, 2006) . The most widely used equations are again derived from data on Caucasian populations and have been found to be unsuitable in Africans. Cameron et al. (2004) found that Slaughter (Slaughter et al., 1988) equations underestimated %BF in South African children by 30-50% when compared with DXA measurements. Body composition and size differs between ethnic groups (Vidulich et al., 2006) , and this may introduce systematic error in the estimation of BF when equations used to convert BIA and skinfold data are extrapolated from one ethnicity to another.
The current study was designed to validate the use of the Tanita BC-418MA analyser and four-site skinfold measurements in a population of rural Gambian children. Deuterium oxide dilution was used as a reference technique for the development of population-specific equations for the two prediction techniques.
Research methods and procedures

Study population
The current investigation was part of a larger follow-up study of the offspring of two pregnancy supplementation trials in the rural West Kiang area of The Gambia, West Africa. Full details of these follow-up studies will be published elsewhere. At the time of the present study, the offspring of a protein-energy supplementation trial (n ¼ 2047) (Ceesay et al., 1997) were 11-16-years old, and those of a calcium supplementation trial (n ¼ 662) (Jarjou et al., 2006) were 5-10-years old. Anthropometry measures in the follow-up study included height, weight, mid-upper arm circumference (MUAC), triceps skinfold thickness and bioelectrical impedance via the Tanita BC-418MA analyser. For the current protocol, a sub-cohort of children was recruited so that at least 10 boys and 10 girls in each two-year age band from 5 to 16 years of age were enroled into the study. Pubertal status was not assessed and only subjects reporting to be healthy were included. A total of 133 subjects (boys ¼ 65 and girls ¼ 68) from seven different villages in West Kiang completed all of the necessary procedures and their data were available for analysis. Full informed consent was obtained from the parents/guardians of each child before the start of the study. Ethical permission was granted by the Joint Gambian Government/Medical Research Council (MRC) The Gambia Ethics Committee and by the Ethics Committee, London School of Hygiene and Tropical Medicine.
Data collection
Data collection was performed at local village health facilities or community centres. Participants were asked to report to the study location early in the morning, and following an overnight fast. All measurements were conducted by the investigators (MP and SH) or by trained fieldworkers. Each observer performed the same measurement, and each measurement was conducted at a similar time of the day to avoid any systematic technical bias. The study was conducted during the months of January to March 2006.
Anthropometry. Body weight was recorded to the nearest 0.1 kg using a digital scale (Tanita Corporation, Japan) in light clothing and bare feet. The scale was checked on each study day with a standard 10 kg weight. After removing shoes and head ties, height was measured to the nearest 0.1 cm by using a daily-calibrated freestanding stadiometer Leicester Height Measure (Seca 214, UK). Body mass index (BMI) was calculated as weight (kg)/height (m) 2 . Left MUAC was measured to the nearest 0.1 cm with a non-elastic metric measuring tape at the midpoint of the upper arm, with the arm hanging straight by the subject's side. Skinfold thickness was measured in triplicate to the nearest 0.2 mm at four sites (biceps, triceps, subscapular and suprailiac) using Holtain callipers (Holtain, Crymych, UK). Owing to a field error, for the triceps skinfold measurement, only the mean was recorded in the database and intra-class correlations coefficients could therefore not be assessed for this skinfold. Intra-observer error for biceps, suprailiac and subscapular skinfolds were low as indicated by high intraclass correlation coefficients (all rX0.997). Unfortunately, it was not possible to calculate inter-observer error. All skinfold measurements were performed in the same order on the left side of the body. The average of three measurements at each site was used to predict body fatness. Anthropometric measurements that were part of the larger study (height, weight, MUAC and triceps skinfold thickness) were conducted by one fieldworker, while measurements specific to this sub-study were conducted by the principal investigator (MP).
Bioelectrical impedance. Body composition was assessed by BIA using the Tanita BC-418MA Segmental Body Composition Analyser (Tanita Corporation). The BIA measurements were made adhering to the manufacturer's guidelines and at a measurement frequency of 50 kHz. Height, sex and age were entered manually, while weight was recorded automatically using 0.5 kg as an adjustment for clothing weight in all subjects. Measurements were taken at a similar time point each day after an overnight fast and limited physical exertion in an attempt to reduce measurement error. The field location of the study site meant that it was not possible to ask the children to empty their bladders. Excess dirt was removed from the soles of the feet with moist antiseptic towels. The Tanita software uses inbuilt prediction equations to produce an output specifying TBW, FFM (using a hydration factor of 0.73, independent of age), BF and %BF as well as impedance readings.
TBW by deuterium oxide dilution. TBW was determined using a dilution of deuterium oxide (99.8% sterility tested, CK Gas Products Ltd, Hook, Hampshire, UK). Pre-dose deuterium abundance was obtained from the mean of two saliva samples; one sample collected a day before the study and one fasted saliva sample collected on the study day. Saliva (1-2 ml) was collected by the subject chewing on a ball of cotton wool, which was then squeezed in a syringe to extract the saliva. Deuterium oxide with a dose equivalent to 0.07 g/kg body weight was prepared, and a sample of the dose was kept for analysis. The dose was administered orally to each subject; the dose bottle and straw were weighed before and after the subject consumed the dose to establish the exact amount drunk. The subjects were instructed to refrain from any food or fluid in the 30 min before the post-dose saliva samples, which were collected at 4, 5 and 6 h after the administration of deuterium. During the equilibration period, children remained in the specified location with the investigators present. All saliva samples were stored at À201C until shipment to MRC Human Nutrition Research (Cambridge, UK) for analysis.
Samples were analyzed using modifications of the methods described by Hoffman et al. (2000) . In short, 0.4 ml of the saliva samples were equilibrated for 6 h at 251C with hydrogen gas in the presence of a Pt catalyst (Hokko Beads, GV instruments, Wythenshawe, Manchester, UK). The isotopic enrichment of the gas was determined using isotope ratio mass spectrometry ('Isoprime Dual inlet equipped with Aquaprep', GV Instruments, Wythenshawe, Crewe, Manchester). TBW was calculated from the mean of the 4, 5 and 6 h measurements using equations with a factor of 1.04 to adjust for non-aqueous isotopic exchange. The average coefficient of variation of the body water values determined at 4, 5 and 6 h was 0.90%. For the calculation of FFM, the hydration fraction of FFM was assumed to be dependent on the age and sex of the child as described by Lohman (1989) and ranged between 74.2 and 77.0%. Weight measured in a fasted state in the early morning was used for all calculations, and fat mass was calculated as the difference between FFM and body weight.
Statistical analysis. Descriptive statistics were divided by sex and sub-divided by age. Values are expressed as means and s.d.. Differences between the sexes were assessed by independent t-tests. Differences across age categories were tested for males and females separately using oneway analysis of variance analysis. All variables were tested for normality using the Wilkes-Shapiro test. Intra-class correlations of the skinfolds were calculated to investigate the repeatability of three consecutive skinfold measurements.
Paired t-tests were used to detect significant differences in body composition obtained using the inbuilt prediction equations supplied with the Tanita system compared to the deuterium oxide dilution method, for the sexes separately, as well as combined. The mean difference is presented for FFM, but also for %BF as this is a more frequently cited measure in terms of the body composition literature.
The bias ([(Tanita valueÀdeuterium oxide dilution value)/ deuterium oxide dilution value]*100) and limits of agreement (mean difference71.96 s.d.) in relation to deuterium oxide dilution were assessed by the Bland-Altman method. The biases between methods in terms of FFM are equal and opposite to that given for fat mass and the limits of agreement are similar.
Best-fit algorithms. General linear modelling was used to develop novel prediction equations for %FFM based on the impedance values from the Tanita system in Gambian children, using deuterium oxide dilution as the reference method. For the ith individual we denote the height by ht i , weight by m i and the horizontal cross-sectional area of fatfree (electrically conducting) tissue at a point x percent of the full height by A i (x). We attempt to capture differences in shape between individuals by the shape parameter,
, where A std (x) denotes the cross-sectional area of a 'standard' individual. It should be noted that, although an individual's cross-sectional area is likely to be a function of their height, it would be natural for this effect also to be factor so it can be subsumed within z i . We can then estimate z i , from the impedance z i as follows
Then the fat-free volume, lv i , is given by lv i ¼ ht i Á R 100 0 B i A std ðxÞ dx, which, substituting for z i using (1), gives
Curiously, although no strong assumptions were made about the relationship between height and weight, it can be seen from equation (3) that impedance may be thought of as a 'shape' adjustment for BMI.
To improve the model fit, we relax the relationship a little:
where b 0 , b 1 , b 2 and b 3 , are parameters to be estimated. This model is essentially multiplicative, yet %FFM follows a normal distribution more closely than does its logarithm. To deal with this, we fitted models with %FFM as the outcome with a normal error and a log-link function.
Skinfold thickness equations were created in a similar manner; the predictor variables included biceps, triceps, suprailiac and subscapular skinfold thickness. Skinfold thickness (sft i ) more naturally predicts the fat mass. We assume that percent fat mass (%BF i ) relates to sft i thus: % BF i / ht i sft 2 i =m i . Again we relax the model:
fitting the untransformed outcome variable, %BF i , using a log-link, normal error model. The model was extended a little further in this case; separate terms were fitted for skinfold thickness at each of the four measurement sites.
The best %FFM model was built by testing first whether the coefficients in equation (4) could be replaced by the fixed values in equation (3) without significant loss of fit, then terms for age and sex were added followed by their interactions with height, weight or impedance, and finally skinfold thicknesses were added to investigate whether these gave additional information, independent of that from impedance. Likelihood ratio tests were used to test the significance of model terms; only terms significant at the 5% level were retained in the model. A similar procedure was followed to model %BF based on skinfold thickness.
Combining the effects of skinfold thickness and impedance is not strictly possible with a simple linear model. Theoretically correct non-linear models which combine the two were regarded as impractical. Nevertheless, since %BF and %FFM add up to 100%, R 2 for the two models can be compared. The precision of the R 2 estimates was estimated using the bootstrap method: 95% confidence intervals were derived from the standard error of R 2 estimates calculated from 100 resamplings. Statistical analyses were performed using Statistical Packages for Social Sciences (SPSS) for Windows (version 12.0, SPSS Inc., Chicago, IL, USA) and STATA 9 (Stata Corporation, College Station, TX, USA). Po0.05 was used to define significance.
Results
Characteristics of subjects Body composition characteristics for the 133 subjects, grouped by age and sex, are reported in Table 1 . On average, males and females did not differ significantly in height and weight, but in general, females had a significantly higher BMI (P ¼ 0.035), larger MUAC (P ¼ 0.005) and larger skinfold thickness (Po0.001) than males. All of the descriptive variables increased with age (Po0.01); with the exception of impedance, which decreased (Po0.001), and of triceps, subscapular and suprailiac skinfolds in males, for which there were no age-related trends. According to age and sexspecific %BF cutoffs (McCarthy et al., 2006) , 82.3% of subjects were normal BF, 7.7% underfat and 10% were overfat or obese. One subject had an abnormally high deuterium oxide measurement that was not reflected in the BMI or impedance data; this individual was excluded from analyses involving deuterium oxide dilution.
Fat mass as determined by the reference method (deuterium oxide dilution) was 4.9 kg (73.6) and FFM was 24.8 kg (79.5). TBW and FFM did not differ significantly between the sexes, however, females had a higher fat mass and higher %BF (both Po0.001). Whole body impedance ranged from 597 to 1150 O and decreased with age (r ¼ À0.534, Po0.001). A minor difference (P ¼ 0.052) was detected between males and females, with a higher impedance in the latter. Tanita manufacturer's predictions and deuterium oxide dilution Using the existing regression equations within the Tanita software, we found systematic differences in TBW, FFM and %BF estimated using the Tanita system compared to deuterium oxide dilution. This applied to the total subject cohort (Po0.001) and also to most of the sex and age categories (Table 2 ). Compared to deuterium oxide dilution, the inbuilt equations in the Tanita system underestimated FFM, with slightly higher underestimation in the children with the lowest fat mass (mean difference7s.d. in low, medium and high fat mass category: À1.770.64; À1.370.80; À0.6071.22). As the Tanita system's inbuilt prediction equations overestimated %BF toward the lower end of %BF, this led to a higher overestimation in males compared to females (Po0.004). Use of BIA to assess body composition M Prins et al
In Figure 1 , the difference in TBW obtained via the inbuilt prediction equations for the Tanita system and deuterium oxide dilution is plotted against the average TBW of both measures. The mean difference is À1.51 kg and the bias À8.779, which reflects the underestimation of the Tanita system's inbuilt equations in comparison with deuterium oxide dilution. The limits of agreement (mean difference71.96 s.d) between the methods are wide, with wider limits observed in females compared to males (0.159-3.13 versus À0.536-2.62, respectively).
Best-fit algorithm for impedance
The detailed results of this modelling are given in Table 3 . The basic model, that derived in equation (3) in the Methods, explained 64% of the variance in %FFM estimated by the deuterium oxide dilution method. Separating the weight and 'impedance index' components (that is fitting log(wt) and log(ht 2 /z) with their own parameters, as many previous authors have done) did not improve the model significantly (adjusted R 2 ¼ 64%; P ¼ 0.17). However, relaxing the model further by fitting separate parameters for log(ht), log(wt) and log(z), as in equation (4), did markedly improve the fit (adjusted R 2 ¼ 69%; Po0.001). Additional significant gains in fit were achieved by fitting terms for age and sex, bringing the adjusted R 2 to 81%. Neither age nor sex was found to significantly modify the effects of weight, height or impedance. There was further useful information in the skinfold measurements. Adding all four terms (log(triceps), log(biceps, log(subscapular) and log(suprailiac)) to the model brought about a significant increase in adjusted R 2 to 84%.
Best-fit algorithm for skinfold
We ran an equivalent analysis for skinfold in place of impedance. In this analysis, for reasons explained above, %FAT, rather than %FFM, was the dependent variable. Skinfolds plus log(ht), log(wt), age and sex explained 73% of the variance (root MSE ¼ 2.70%). Again all terms were significant but explained a little less than the 81% R 2 of the equivalent impedance-based model. Again there was no evidence for an interaction between either age or sex and any of the other variables.
Discussion
There is a growing need for accurate body composition measurements for nutrition and health-related research in Africa. In the current study, we investigated the ability of the inbuilt equations from the Tanita BC-418MA system to assess body composition of rural Gambian children by using deuterium oxide dilution as a criterion method. We have additionally developed equations to predict %FFM and %BF in this population. Our study population represented a wide age range, and hence a presumably varied pubertal status, providing a heterogeneous sample. Age-related trends were observed for all the descriptive variables (Po0.01), except for triceps, Use of BIA to assess body composition M Prins et al subscapular and suprailiac skinfolds in males, indicating that skinfolds in males stay relatively constant during childhood and adolescence. Biceps skinfold thickness did vary with age, but this is probably due to a larger measurement error associated with this skinfold in this study. The majority of the children were of normal %BF as assessed by the Tanita scales when compared to Western standards (McCarthy et al., 2006) . Comparison of the inbuilt equations supplied with the Tanita system with deuterium oxide dilution values for TBW in this population indicated a mean bias of À8.8%. This, accompanied by large limits of agreement, indicates that the Tanita system (when using the inbuilt prediction equations) is relatively inaccurate in a group of West African children aged 5-16 years. Previous studies have shown that the Tanita system agreed well with reference methods (Pietrobelli et al., 2004 . However, the current study has the advantages of a larger sample size, narrower age bands and the sexes examined separately.
A possible explanation for the underestimation of FFM by the Tanita system's inbuilt prediction equations is that they are based on Caucasian populations, which may differ in body composition and proportion when compared to the population under study. Gambian children have been shown to have lower bone mineral content than Western populations (Lo et al., 1990; Aspray et al., 1996) , which may have led to lower resistance and hence the underestimation of FFM. There are also differences in body proportion between Caucasian and African children, which may also represent important sources of variation in impedance (Lo et al., 1990; Vidulich et al., 2006) . In addition, the inbuilt equations in the Tanita system utilize hydration factors based on adult values when converting TBW into FFM. This value of 73.5% for adults has been shown to be lower than that seen in children (Lohman, 1989) , and this would also account for an underestimation of %FFM in this population.
We observed that the inbuilt equations of the Tanita system showed a greater overestimation of %BF at lower degrees of adiposity, which led in general to a higher overestimation in males compared to females (Po0.001). This variability can be attributed to methodological imprecision, of which the Tanita system is likely to be the principal source. In consensus with the present data, previous studies reported that BIA methods tend to overestimate %BF in lean subjects (Fogelholm et al., 1996; Mitsui et al., 2006) and underestimate at high values of BF (Bray et al., 2002; Mitsui et al., 2006) .
It is important to note that we used deuterium oxide dilution as a criterion method which, although widely validated as a reliable estimate (Parker et al., 2003) , is no gold standard for BF measurement. Ideally, a four-component model would have been used as the reference method, but this was impossible in the rural field setting of the present study. While deuterium oxide dilution has the advantage that it is relatively easy to perform, it is not without limitations: one assumption is the hydration of FFM, which may vary among persons by age, sex, maturation and ethnicity (Hewitt et al., 1993; Roemmich et al., 1997) . To estimate FFM from TBW, we used age and sex-specific hydration fractions (Lohman, 1989) , but these factors were not ethnic specific. Higher hydration factors have been observed in black American adults compared to white using a four-component model , but there is no information on the hydration of fat-free tissue in Gambian children.
To develop novel equations for the Tanita instrument, we found that entering variables individually produced a better fit than using the impedance index (height 2 /impedance), which is commonly used. We found that height, weight, impedance, sex and age produced the most effective prediction of %FFM with an R 2 of 0.81. This closely agrees with novel equations developed for a hand-to-hand impedance system in a group of West African women (R 2 ¼ 0.82), when the manufacturer's equations were also found to be biased (Dioum et al., 2005a) . In our study, the addition of skinfold thickness measurements into the final equation improved the ability even further with an adjusted R 2 of 0.84, even though fat-free tissue is not directly an output associated with skinfold thickness. Similarly, Jebb et al. (2000) reported equations utilizing a Tanita foot-foot analyser and explaining 84.2% of the variation in BF as measured by a four-component model. Although the addition of skinfolds into the equation for FFM in this study represented a slight improvement in accuracy, this may not represent enough of an improvement to justify the extra burden to study participants, particularly when considering the difficulties inherent in accurately taking skinfold thickness measurements. Raw skinfold data can be converted into %BF, and hence fat mass using published prediction equations such as those of Durnin and Womersley (1974) . However, such equations have been found to be invalid in African populations on account of differences in body composition (Dioum et al., 2005b) . Equations by Slaughter et al. (1988) and Dezenberg et al. (1999) have been found to underestimate BF by up to 50 and 15%, respectively, in South African children when compared to DXA (Cameron et al., 2004) . Therefore, based on deuterium oxide dilution values, we developed skinfold thickness equations tailored to West African children. One limitation of using deuterium oxide is that this method measures TBW while the skinfold outcome is BF. The best fit equation in predicting %BF had an adjusted R 2 of 0.73 and a root MSE of 2.70%. Cameron et al. (2004) derived sets of equations from 214 South African children using %BF from DXA measurements and produced comparable R 2 and root MSE values.
Observing our novel equations, it is apparent that in females, weight is a better predictor of BF compared to males. This might be due the higher lean body mass and muscle mass, although it could relate to the smaller variation in both weight and skinfolds in males compared to females. We observed that the subjects in the highest category of BF Use of BIA to assess body composition M Prins et al (estimated by deuterium oxide dilution), had a larger variance in %BF derived from the novel skinfold equation compared to subjects in the low and medium BF category. In contrast, Bray et al. (2001) reported that when DXA is used as the reference method, BF can be estimated from skinfold thickness more reliably in fatter children than in leaner ones.
In agreement with other research (Fuller et al., 1994) , our findings indicated that skinfold measurements are less accurate than BIA in estimating BF, although there is still debate in this area (Kamimura et al., 2003; Norgan, 2005) . The adjusted R 2 for the novel Tanita instrument equation is higher than the one derived for skinfolds; thus indicating further variation is explained by the Tanita system. The ease of use of the Tanita instrument and the relative accuracy demonstrated together with the relatively inexpensive design represents an extremely useful field tool for assessing body composition. Strengths of this study include the use of deuterium oxide dilution, a relatively well-accepted measure as the reference method, a representative structured group of study subjects (age/sex) and the development of tailored algorithms for both the Tanita instrument and skinfolds. Deuterium oxide was collected in saliva, which closely resembles results obtained by serum (Jankowski et al., 2004) .
Limitations of the reference method warrant consideration as well. We do not have data on the accuracy of deuterium oxide dilution as a measure of BF in this population against a more accepted reference technique, and therefore the study must be considered to be more of a comparison rather than validation study. Deuterium oxide dilution determines TBW so that validating the segmental impedance measured by the Tanita system was not possible. Furthermore, fasting the children for the duration of saliva collection (over 6 h) was considered to be impractical; the subjects were served a small breakfast about 1.5 h after baseline saliva collection. The children were allowed to drink water directly after each postdose saliva collection but food and fluid intake, and urine excretion during the equilibration period were not recorded. Food and fluid intake would account for a small increase in TBW (Schoeller et al., 1985) , while tracer loss during the equilibrium period by urine excretion would cause an expansion in TBW as well. However, a very small difference has been observed between the standard TBW values derived at T 0 and those corrected for disproportionate urinary tracer loss (LaForgia and Withers, 2002) . The children were allowed to perform light physical activities during the study, which increased their respiratory quotient and total water vapour output (respiratory and sweat) which in theory induced an overestimation of TBW. However, the amount of tracer loss is likely to have been negligible (Schoeller et al., 1996) . These factors are expected to have had a minimal effect on weight because this was measured early in the morning, in a fasted state. All these small measurement errors could have introduced minor biases into our results.
For the development of all equations, weight was used as an independent variable. As it was not considered appropriate to weigh the subjects in an open health centre without clothing, all subjects wore light clothing. Important changes in body composition occur during adolescence, such as changing limb length and the patterning of BF which may affect body composition assessment. Interestingly, however, we found that the addition of age to our prediction equations had very little added value. The assessment of pubertal status was outside of the scope of the current study. As maturational state affects the composition of the FFM (Slaughter et al., 1988) , correction for levels of maturation between children might have improved the accuracy of predicting Tanita system and skinfold thickness equations. However, Eckhardt et al. (2003) reported that in Asian males (15.670.44 years), inclusion of maturation correction did not produce a more precise prediction of BF.
Conclusions
Since there is currently no true gold standard for human body composition analysis in vivo, new body composition methods are necessarily validated on other existing methods, where assumptions need to be appreciated. An ideal measure of body composition should be accurate, precise, accessible and acceptable (Sopher et al., 2005) . While the Tanita BC-418MA system may satisfy the latter two categories, we have shown that in Gambian children the preprogrammed software may not be wholly accurate. We adapted the use of this simple field technique in Gambian children by using deuterium oxide dilution as a criterion method with which to build novel algorithms. Sex-specific prediction equations are provided to calculate %FFM from bioelectrical impedance measurements and %FM from skinfold thickness measurements in West African children. With these population-specific equations, the Tanita instrument represents a useful tool in the assessment of body composition, as it is very quick and simple to use. It should be remembered, however, that the accuracy of these equations only applies to the population (and the age range) from which they have been derived. The addition of skinfold thickness measurements to the impedance equation produced the best measure of %FFM in these children. This improvement in accuracy needs to be considered against the extra burden on study participants and the difficulties in assessing skinfold thickness. The equations from this study can now be used to in improve the interpretation of body composition measures within this population. tic help with this project, and to all the staff at MRC Keneba for their support. In addition, we thank Drs Gail Goldberg and Ann Prentice for their valuable comments on the manuscript. Andrew Prentice is a member of the Tanita Medical Advisory Board and has received past research funding from Tanita UK. The current study was financially supported by the European Union Sixth Framework Programme for Research and Technical Development of the European Community 'Early Nutrition Programming Project' (FOOD-CT-2005-007036 ) and the UK Medical Research Council.
